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Abstract

SARS-CoV-2 a virulent disease that established the entire wide world due to its severity. 
Its 1st case was rumored in Wuhan, China within the year 2019 and it had been the beginning 
of this pandemic. This virus killed virtually a complete of 4,465,683 folks round the globe until 
date. Despite the fact that viral co-infections have the ability to alter the host’s illness pattern, 
few research have looked at the disease outcomes in patients who are infected with HIV and 
hCoVs. Despite the fact that HIV-positive people can be infected with hCoVs, researchers are 
now revealing that their chances of acquiring serious CoV-related disorders are typically similar 
to what is seen in the general population. The relation between SARS-CoV-2 and HBV was 
summarized rather HBV eff ects the severity of COVID patient or not. SARS-CoV-2 could be a 
severe acute metabolic process syndrome. Scientists found ways in which to treat this virus, some 
were useful and alternative weren’t that a lot of eff ective. Immunizing agent was one among the 
most important considerations for the entire world. This virus conjointly fashioned an entry for 
alternative co-infections too. SARS-CoV-2 and infl uenza virus, both causes respiratory diseases 
which confer as an extensive array of illness from asymptomatic or benign to critical disease 
and death. Also the mode of transmission and symptoms of infl uenza virus and SARS-CoV-2 
are same. Viral and bacterial rate is higher in SARS-CoV-2 negative patient but are comparable. 
Serologies facts confi rmed that patients with eff ective results for dengue virus (DENV) NS1 antigen 
and anti-dengue IgM were also attentive to COVID-19 speedy antibody tests, suggesting dengue 
COVID-19 co-infection. Mixed infection of dengue and COVID-19 needs unique interest from all 
dengue-common nations in Asia, especially the ones with limited resources. To our knowledge, 
this is the primary showed case of co-infection of dengue and COVID-19 in Indonesia. During 
patient’s TB course, COVID-19 can occur at any time with worse consequences for the patients 
who are aff ected by active pulmonary disease.

Review Article

SARS-CoV-2 related HIV, HBV, RSV, 
VZV, Enteric viruses, Infl uenza, DENV, 
S. aureus and TB co-infections
Ammara Azhar1, Umar Saeed2,3*, Zahra Zahid Piracha2,3, Areesha 
Amjad1, Aftab Ahmed2, Syeda Itrat Batool1, Maimoona Jabeen1, 
Areej Fatima1, Fakhia Noreen1, Rehan Uppal2 and Rizwan Uppal2

1Department of Biological Sciences, International Islamic University, Islamabad, Pakistan
2Department of Research and Development, Islamabad Diagnostic Center, Islamabad, Pakistan
3Department of Medical Research, International Medical Research Center Islamabad, Pakistan

Co-infection with HIV and SARS-CoV-2

Despite the latest development about SARS-CoV-2 infection, 
little is known about HIV infection’s in luence on COVID-19 
[1]. In persons with HIV/acquired immunode iciency 
syndrome (AIDS), frequent diseases such as lymphoma and 
opportunistic infections like pneumocystis pneumonia have 
been identi ied, and the immune system impairment induced 
by HIV often leads to the increased prevalence of SARS-
CoV-2 infection [2-6]. A study of HIV-positive patients found 
a considerably reduced number of CD4+ T cells. Considering 
that tissue damage in SARS-CoV-2 infection is driven by 
cytokine-induced cascades, [7] mortality from HIV and SARS-

CoV-2 infection are uncommon because to the de iciency of 
CD4+ T cells, which prevents immune cytokine upregulation. 
Lympopenia has been recorded in HIV-negative COVID-19 
patients; however, immune cell distribution in patients co-
infected with HIV and SARS-CoV-2, as well as in patients with 
COVID-19 alone, differs slightly [8,9]. However, the exact 
impact of lymphocyte depletion in peripheral blood on the 
clinical outcome of HIV and SARS-CoV-2 co-infection is yet 
unknown [7].

SARS-CoV-2 infection is more likely in patients with 
AIDS, especially those with comorbidities and a high load 
of HIV RNA in their general circulation. The clinical signs of 
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HIV and SARS-CoV-2 infection, on the other hand, are not 
well described [1,10,11]. Curiously, a lower prevalence of 
comorbidities, such as high blood pressure, high body mass 
index, diabetes, chronic liver disease, and chronic kidney 
disease has been documented in patients with SARS-CoV-2 
or HIV infection alone compared to those with co-infection 
[1,12,13].

Factors de ining disease severity, such as lymphocyte or 
platelet loss, as well as higher IL-6 levels, are linked to lower 
CD4+ T-lymphocyte counts in HIV infection. As a result, the 
number of CD4+ T cells in patients with severe HIV and 
SARS-CoV-2 co-infection appears to be substantially lower 
than in those with mild symptoms [1,14]. Despite the lack 
of a direct link between CD4+ cells and COVID-19, immune 
system suppression also may contribute to disease severity, 
resulting in negative effects and viral infection persistence 
[1].

A case study of a patient with combined infection of SARS-
CoV-2, HIV-1, and HCV suggested that a delayed antibody 
response could be another problem associated with such 
co-infection [15]. In regard to SARS-CoV-2, this denotes 
the impact of HIV-1 on the immune system’s function [15]. 
However, the severity of infection with SARS-CoV-2 due to 
the host’s impaired immune system is uncertain. Patients 
with severe COVID-19 had a signi icant decrease in the 
number of B and T lymphocytes, as well as natural killer (NK) 
cells, compared to those with mild symptoms. According to 
Qin, et al., the immune system function following SARS-CoV-2 
infection is also reduced in the chronic phase of HIV infection, 
resulting in a decrease in T lymphocyte count [16] In 
addition, Suwanwongse & Shabarek [17] reported that CD4+ 
T-cell dysfunction was inversely linked with clinical outcome 
in COVID-19 patients with HIV infection in a study of clinical 
symptoms in people with SARS-CoV-2/HIV co*infection [18].

Individuals with AIDS were neither immune to SARS-
CoV-2 nor developed a less dangerous COVID-19, according 
to research. Patients with low T lymphocyte numbers, on the 
other hand, had worse results [18]. The risk of SARS-CoV-2 
infection and the severity of its clinical symptoms are greatly 
reduced when immunosuppressive drugs or antiviral agents, 
such as protease inhibitors, nucleoside reverse transduction 
inhibitors, or non-nucleoside reverse transduction inhibitors 
(NNRTIs), are given on a regular basis [7,19,20].

Impact of COVID-19 on HIV patients

The coronavirus (COVID-19) pandemic is a global health 
emergency. It represents a signi icant threat for people living 
with HIV and AIDS, and for the global HIV response. Around 
37.7 million people live with HIV worldwide. And around 
27% (10.2 million) are unable to access.

HIV treatment to keep them healthy. The World Health 
Organization (WHO) has con irmed that people living with 

HIV who catch COVID-19 are more likely to suffer severe 
disease and die from the coronavirus, according to a report. 
There is mounting evidence that the risk of death from 
COVID-19 among people with HIV could be as much as twice 
that of the general population. Coronavirus, like HIV and AIDS, 
has a larger impact on those who are already marginalized. 
As a result, poorer countries and those with higher HIV rates 
are our main concerns. Above all, those most affected by 
HIV – adolescent girls and young women, LGBT people, sex 
workers and people who use drugs – are feeling the effects of 
coronavirus more acutely [21]. Even though they appear to 
be very different, the SARS-CoV-2 and HIV viruses-induced 
disorders are very similar, they have some important points 
in common. Fear in the population. HIV can affect anyone, 
independently of their social status, race, gender, etc. This 
can have a psychological impact on people, causing them to 
feel fear, tension, or anxiety. Apart from those factors, there 
are others in COVID-19 that can make people feel this way: 
the virus is new, there are no known effective antivirals, the 
disease is more contagious than expected, it can even severely 
affect young people with no prior pathologies, respiratory 
failure necessitates long-term hospitalization. Both HIV and 
SARS-CoV-2 viruses cause an increase in cytokine production, 
which in the case of SARS-CoV-2 is connected to viral load. 
These cytokines have been linked to subsequent problems 
in patients who have been infected by SARS-CoV-2. Such 
problems include modi ications of the intestinal microbiota, 
and Neutrophil extracellular traps (NETs) formation [22]. 
Common comorbidities associated with HIV/SARS-CoV-2 co-
infection. CVD, cardiovascular diseases; HLD, Hyperlipidemia 
[4]. Because of immunological weaknesses, severe infection, 
and slower antibody production, co-infection with SARS-
CoV-2 and HIV has also been shown to be more severe 
[24]. Immunosuppression, as well as a weakness or failure 
of the humoral immune response, have all been linked to 
an increased risk of re-infection with SARS-CoV-2 in HIV-
infected individuals. As a result, any exposure to SARS-CoV-2 
in these individuals must be avoided at all costs. Following 
co-infection with another viral strain, studies show that the 
HBV virus is either reactivated or repressed. Because of the 
similarities of their transmission, for example, the rate of co-
infection with HIV and HBV is high. In this regard, research 
have shown that once HIV infection suppresses the immune 
system, the number of antibodies associated with hepatitis 
B decreases as a result of its reactivation, eventually leading 
to chronic hepatitis B. If a co-infection with hepatitis C virus 
(HCV) is present, the innate immune response associated 
with HCV infection can also limit HBV replication [25].

Eff ect of SARS-COV-2 on HBV infected patients

Hepatitis and SARS-COV-2 both are extremely contagious 
disease which cause abnormal liver function by damaging or 
by failure [26]. HBV has a wide distribution globally (3.5%), 
especially in China (5% - 6%) [27-29]. In a retrospective 
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study, total 105 patient were studied with both severe 
diseases HBV and COVID-19 and it was observed that 
patient (14) with COVID-19 alone suffer from minor liver 
damage whereas four patients show acute-on-chronic liver 
failure [30]. In several studies, it was found that patient 
with COVID-19 alone does not cause major liver damage 
but varying degree of transaminase shows liver damage in 
patient with COVID-19 and HBV [31-37]. In COVID-19 patient 
liver damage is not so it can be recovered back to normal 
[26]. In another study, 326 corona positive patient, out of 
which 20 of the patients had HBV, there was no signi icant 
difference in the discharge period of two group because HBV 
co-infection had no effect on the course and prognosis of 
corona patient [31]. Furthermore, [32-35] reported that HBV 
co-infection does not cause disease severity such as liver 
damage in COVID-19 patient [26].

In case of severe corona there is high risk of HBV 
reactivation which is due to immunosuppressive therapy 
which include high-dose corticosteroids and anakinra drug 
[36,37]. Reactivation of HBV primarily means rapid increase 
or reappearance of HBV DNA viremia [38]. In one of the 
retrospective studies, it was reported that 61 patients with 
severe COVID-19 had high risk of HBV, after 1 month of 
immunosuppressive therapy no HBsAg seroconversion was 
found, except for two patients [39].

SARS-CoV-2 and respiratory syncytial virus

Respiratory syncytial infection (RSV), long recognized 
because the major microorganism infectious agent of the 
lower tract of newborn children, has too been entangled 
in extreme respiratory organ infection in grown-ups, 
signi icantly the older. This truth, and therefore the show 
that inactive prophylaxis with either polyclonal or organism 
counter acting agent to RSV avoids serious respiratory 
organ infection in risky newborn children and kids, has 
driven to reestablished intrigued inside the safe instruments 
encompassing security, and therefore the improvement of 
antibodies [40].

Respiratory Syncytial Virus (RSV) is that the most typical 
rationalization for respiratory illness and respiratory 
disorder among infants and children beneath one year old-
time. Illness begins most frequently with fever, runny nose, 
cough and usually asthmatic. Severe lower tract sickness 
might occur at any age, signi icantly among the older or 
among those with compromised internal organ, pulmonary or 
immune systems. RSV is unfolded from metastasis secretions 
through shut contact with infected persons or contact with 
contaminated surfaces or objects [41]. In a very traditional 
year, RSV causes mortality in children underneath ive years 
old-time, leading to associate calculable 3.2 million hospital 
admissions and 118, 200 deaths yearly [42].

Leukocyte counts will increase due to RSV [43,44]. Thus, 
the augmented free phagocyte counts would possibly show 

that the patient was infected by RSV. Additionally, patients 
with alternative virus infection like RSV could also be a lot of 
prone to COVID-19 [45,46].

SARS-COV-2 and Varicella herpes Virus (VZV)

Varicella herpes virus (VZV) could be an only human 
virus that belongs to the α-herpesvirus family. VZV is present 
worldwide and is extremely infectious. Primary infection 
leads to acute pox or “chickenpox”, generally from exposure 
either through direct contact with a skin lesion or through 
mobile unfold from metastasis droplets [47,48]. Once initial 
infection, VZV establishes long latency in nervous and dorsal 
root ganglia, and will activate years to decades later as 
herpes (HZ) or “shingles” [49]. Over ninetieth of adults inside 
the non-heritable illness in childhood, whereas the bulk of 
children and young adults are unsusceptible with the live 
virus immunizing agent [48,50].

Seven immunocompetent patients older than ifty years 
developed herpes (HZ) infection a median of nine days 
(range 7-20) once vaccination against SARS-CoV-2. The 
rumored risk and involvement of T-cell-mediated immunity 
recommend that vaccination with COVID-19 could be a 
seemingly explanation for cps. These cases support the 
importance of associate in progress immunizing agent safety 
assessment throughout the continued mass vaccination 
against the COVID-19 pandemic and encourage news and 
communication of any vaccine-related adverse events [51].

In Spain, the vaccination campaign began on January 
one, 2021 with the COVID-19 informational RNA BNT162b2 
immunizing agent (P izer) four, that is primarily aimed 
toward older folks in nursing homes and doctors. 81.8%) 
received the primary dose, throughout this era three patients 
came with herpes that appeared once the primary dose of the 
immunizing agent and a pair of once the second, all patients 
were young, healthy adults and their blood counts showed no 
abnormality [52].

Enteric viral co-infections and SARS-CoV-2

Enteric viral co-infections, infection having more than 
one virus that includes rotavirus, norovirus, adenovirus, 
enteroviruses, astrovirus etc [57]. In New York City 
Metropolitan area, various co-infections in SARS-CoV-2 
infected patients were identi ied. Only less than 3% people 
were having co infections who were previously positive for 
SARS-CoV-2. Respiratory virus co infections were seen in 
negatively tested people including rhinovirus/Enterovirus 
[53]. SARS-CoV-2 positive population has a lower rate of 
viral co-infections compared to negatively tested population 
of SARS –CoV-2 [54].

Patients having SARS-CoV-2 and adenovirus co-infection 
experienced lymphopenia, thrombocytopenia, septic shock 
with having mechanical ventilator. Individuals over 15 years 
of age and adults were reported with the co-infection of 
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Adenovirus and SARS-CoV-2 [55,59]. A study indicated that 
children were at more risk of developing respiratory viral 
co-infections as compared to the adults having SARS-CoV-2 
[56]. Human rhinovirus are the most frequent respiratory 
viruses of the humans and causes the common cold. A study 
indicated that due to the rhinovirus activity, the SARS-CoV-2 
replication is blocked [58].

SARS-CoV-2 and infl uenza virus co-infection

SARS-CoV-2 and In luenza virus co-infections were 
coarse during COVID-19 epidemic. SARS-CoV-2 coinfected 
patients along with In luenza-B virus were speci ied to be 
pretentious by low rate of serious problems in contrast 
with the co-infections of In luenza A virus and SARS-CoV-2 
patients. Studies reveal that the SARS-CoV-2 alone or along 
with the In luenza Virus co-infection have almost same 
symptoms and vital spread. Heart diseases, diabetes, Asthma 
and neurological diseases were found to be common in 
patients having co-infection of In luenza Virus and SARS-
CoV-2 Infection [60]. Fever, cough, Pneumonia, fatigue, 
dyspnea is also seemed to be common in SARS-CoV-2 and 
IAV [61]. Report showed that Respiratory deterioration was 
rapidly developed in three out of four co-infected patients of 
SARS-CoV-2 and IAV [62]. SARS-CoV-2 and In luenza virus 
co-infection rate was as high as 57.3% of 307 COVID-19 
patients in Wuhan during pandemic [63]. SARS-CoV-2 
imitate the In luenza virus concerning clinical presentation, 
transference mechanism, and seasonal co-occurrence. So, we 
can say that co-infection of both viruses is comparable [60].

SA RS-COV-2 relation with S.  aureus and other bacterial 
infections

In the start of pandemic in December, 2019, when fewer 
number of cases were reported in Wuhan, China, it was 
suggested that the chances of spreading other co-infections in 
corona patients are rare [64]. But the data collected from the 
recent studies in North California, USA reveal that this rare 
spread of co-infection between SARS-COV-2 and respiratory 
viruses can each up to 21% [64]. Nasopharyngeal swab was 
used to test bacterial and viral co-infections [65]. Several 
microbiol pathogen were tested which include bacteria and 
viruses [65]. It was observed that the chances of bacterial 
and viral co-infection are notably higher in SARS-COV-2 
negative (35%) than in SARS-COV-2 positive (33%) but was 
comparable [66]. A complete examination of co-infecting 
pathogen includes S. aureus, K. pneumoniae, S. pneumoniae, 
H. in luenzae which were the most prevailing bacterial co-
infections in SARS-COV-2 positive as well as SARS-COV-2 
negative population [66]. This rate was higher in SARS-COV-2 
negative patient with the exception of S. aureus which was 
opposite of the other obtained result [66]. Staphylococcus 
aureus is the most hazardous of the entirety of the numerous 
normal staphylococcal microscopic organisms [67]. These 
gram-positive, circle molded (coccal) microscopic organisms 
frequently cause skin diseases yet can cause pneumonia, 

heart valve contaminations, and bone contaminations [67]. 
Viral co-infection showed similar trend [68]. Other than EBV 
all the viral infection showed less than 1% incident rate [66]. 
Moreover, potential clari ication for the lower viral co-disease 
rate could be the time period wherein the investigation was 
led [66]. Comparable examination has been reported with 
respect to higher EBV co-infections in COVID-19 patients in 
Wuhan, China [69]. Also, SARS-CoV-2 has been involved in 
the reactivation of a few herpesviruses, including varicella 
zoster virus (human herpesvirus 3; HHV3), Epstein–Barr 
infection (HHV4) and roseolo-virus (HHV6, HHV7) [70,71]. 

SARS-CoV-2 co-infection with DENV

One of the highest possible public health issues in Asian 
nations is DENV [72]. More common in rainy seasons, 
causing situations varying from mild dengue fever (DF) to 
severe hemorrhagic DF and dengue shock syndrome [73,74]. 
High-grade fever and lu-like signs and symptoms are the 
most important clinical analytical manifestations of both 
DENV disease and COVID-19, and the similarity of these 
signs and symptoms can increase the risk of misdiagnosis. A 
research carried out by 9 [75] recommended the opportunity 
of DENV and SARS-CoV-2 co-infection, characterized by 
extended fever. Similarly, in Thailand, [76,77] suggested 
blended infection of DENV and SARS-CoV-2, characterized by 
petechial rash, and breathing signs and symptoms as a result 
of COVID-19.

In this respect, it turned into concept that patients with 
fever could be co-infected with SARS- CoV-2 and DENV, 
a condition most common in areas, including Singapore, 
Thailand, Malaysia in South-east Asia, and Brazil in South 
America. In terms of clinical symptoms, 87.9% of COVID-19 
patients presented with fever, 67.7% reported cough and 
13.7% complained of headache. On the comparison, all 
patients with DENV infection had fever, whereas only 25.7% 
reported headache [78,79]. Serious breathing signs and 
symptoms were not found in individuals with either SARS-
CoV-2 or DENV infection or co-infection [80].

Cases with no report of DENV-related signs and symptoms, 
co-infection with SARS-CoV-2 might result in the worsening 
of breathing complications, mandating hospitalization. 
Although the number of lymphocytes and monocytes can 
lower in co-infection with SARS-CoV-2 and DENV, leukopenia 
has only been documented in patients with classic DF [81]. 
It needs to be cited that co-infection with SARS-CoV-2 
and DENV are with improved blood glucose levels, which 
favor replication of SARS-CoV-2 [82]. Bleeding issues had 
been diagnosed in a few cases during COVID-19. The most 
frequent sign of DF is bleeding, which might worsen the 
infection [83]. Lymphopenia has been known to contribute 
to bleeding in the presence of SARS-CoV-2 and DF infection 
alone; therefore, the ratio of neutrophils to lymphocytes in 
DENV infection can become inverse [85]. Accordingly, this 
process might have a signi icant effect on the development of 
DF and its natural history [86].
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Two clear cases of co-infection were mentioned formerly 
in Reunion Island [87] and in Mayotte [88] in France. 
Nevertheless, possible co-infection was also discovered in 
Asia [89]. A study in Bangladesh discovered that co-infection 
happened among 4 out of 20 patients, and co-infection was 
related to a high mortality rate [90]. A co-infection of SARS-
CoV-2 and DENV has not been properly studied. It is doubtful 
if it could coexist with DENV in the identical person affected 
individual, as it was assumed that DENV could block the 
entry of another virus in the same host cell [91].

Interaction between SARS-CoV-2 and TB

Infectious diseases like COVID-19 and TB generally affect 
the lungs. TB spread through infectious droplet; SARS-COV-2 
spread out through aerosol [92]. Signi icant modi ications 
have caused in TB care by COVID-19 pandemic. During the 
COVID-19 pandemic TB sufferers showed more prolonged 
pulmonary forms. The increase in TB infection and presence 
of TB in the kids of affected person can increased transmission 
because anti COVID-19 cautions [93]. Both of the disease is 
propagated by the overcrowding [94,95]. Medical appearance 
is concerned, as symptoms like fever, cough, weakness, 
malaise and hemoptysis may be same in both conditions. 
Same displays can posture a diagnostic challenge [96]. 
Basing on immunological mechanism Involved, a not unusual 
place dysregulation of immune responses in COVID-19 has 
been found, indicating a double threat Posed by co-infection, 
worsening COVID-19 rigorousness and assisting TB disorder 
advancement/progression [97]. Host immune responses 
are deteriorated/impair by other viral respiratory infection 
TB but a bit proof is accessible about co-infection of SARS-
COV-2 and Mycobacterium tuberculosis. By acknowledging 
a case studied in India and China, TB status may play a 
part in improvement of COVID-19 infection and worsening 
of the course of the disease for the co-infected population 
[98]. The proof given by study, accomplish on a systematic 
transcriptomic interpretation/evaluation of immune sig-
nature related with COVID-19 clinical extremity, and the 
spectrum of asymptomatic and symptomatic TB. In fact the 
conclusion of this study accomplish on the transcriptomic 
evaluation on peripheral blood mononuclear cell (PBMC), 
Whole blood (WB), and Broncho alveolar lavage luid (BALF) 
signature commend that impair and active TB (ATB) added the 
risk of intense COVID-19 disease due to plenty of circulating 
myeloid subpopulations which are also present in the lungs 
of impetuous COVID-19 sufferers [99]. In both severe disease 
in COVID-19 and TB, the increased production of IFN and 
the type l and III IFN responses are notably upregulated 
[100,101]. In impetuous and critic COVID-19 patients the use 
of immunosuppressive drugs although it is used for a small 
duration but it may lead to increased tendency of active TB 
because of reactivation or new infection if Mycobacterium 
tuberculosis even in post- pandemic era [102,103]. The 
TB dominancy was higher in between COVID-19 sufferers 
ranged from 0.47% to 4.47%. The TB dominancy became 

better in the COVID-19 patients with severe COVID-19 than 
in non-intense ones 1.47%, 10/680 vs. 0.59%, 10/1703; OR: 
2.1; p = 0.24 [104]. During patient’s TB course, COVID-19 can 
occur at any time with worse consequences for the patients 
who are affected by active pulmonary disease [97].

Conclusion
COVID-19 is a dangerous condition, and all people 

living with HIV should take all advised precautions to 
limit their exposure to the virus that causes COVID-19 and 
prevent infection. People living with HIV who are older 
or who have heart or lung dif iculties are at a higher risk 
of becoming infected with the virus and developing more 
serious symptoms, just like the general population. HBV 
does not affect the condition of patient with covid-19. Minor 
damage occur which is recovered. Although, in severe 
condition reactivation of HBV occurs. This ile veri ies that, 
in pandemic era, diagnosing one infection does not rule out 
the opportunity having any another infection concomitantly. 
The use of immunosuppressive drugs COVID-19 may cause 
increased tendency of active TB due to reactivation or new 
infection if Mycobacterium tuberculosis. In addition, it 
underscores the signi icance of correct and timely diagnosis, 
with a entire laboratory research for both dengue and 
COVID-19, in territories where there is a possibility of 
dengue infection, since each infection has distinctive medical 
management. Beyond that, we alert for this public health 
concern, especially highlighting the need in acquiring the 
proper contact and droplet precautions in health services 
and communities, helping decreasing human-to-human 
transmission, prevent outbreaks and put off the spread of 
COVID-19 pandemic.
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